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Introduction
Use of virtual reality (VR) methods in basic and applied obesity prevention and management research is currently limited. However, VR has been employed as a methodology for conducting social and behavioral research in many other domains where it has demonstrated validity and utility. Previous reports describe several features of the technology that make it particularly suitable for these research applications. [1] [2] [3] [4] [5] The present discussion focuses on how these capabilities can enhance research aimed at identifying pathways and intervention targets through which to improve obesity prevention and treatment.
Clinical obesity prevention and treatment has presented several challenging issues and questions. Key among these are gaps in our collective knowledge about the best way to promote and achieve prevention and management goals within the health care system. There are several barriers to effective clinical weight management. Obesity is under-recognized and undertreated in primary care and in health care systems, generally. [6] [7] [8] [9] Several barriers to addressing and treating overweight and obesity have been identified among clinicians. In addition to critical system-level factors (e.g., reimbursement, time), many clinicians perceive weight counseling to be a difficult and sometimes futile task. They report a lack of training and low levels of confidence in their ability to treat patients' weight. Clinicians also sometimes report the perception that patients are not sufficiently motivated or compliant. Finally, they recognize a lack of effective interventions to treat obesity. 8, 10 The weight management efforts that do occur are often ineffective over the long term. 11, 12 Indeed, there is a lack of proven, evidence-based approaches for sustained obesity treatment. 13, 14 From the perspective of the patient, behavior change can be incredibly difficult to initiate and sustain. 15 In addition, clinicians' initiation of weight management discussions can be negatively perceived. 8, 16 Many overweight and obese patients report feeling blamed and stigmatized by their providers, 17 which may lead to care avoidance. 18 Therefore, despite the enormous visibility of obesity prevention and weight management campaigns, and despite formal recommendations that providers screen patients for obesity and provide weight management counseling, 19 clinical weight management efforts frequently falter. There is a clear need for empirical evidence on what works to promote provider confidence in provision of weight-related care, to encourage life-long health-promoting behaviors among patients, and to foster therapeutic relationships between patients who are overweight and their providers.
Research aimed at understanding these processes could gain much from adoption of VR methods. Virtual reality enables creation of simulated clinical or health-related scenarios wherein researchers can directly manipulate theoretically important variables. This is critical because the clinical system is exceedingly complex, and many key theoretical variables are deeply intertwined. Each patient and each clinician comes to the health care interaction with an array of beliefs, attitudes, and behavioral tendencies (e.g., communication patterns, biases, beliefs about obesity etiology). Each encounter adds its own set of variables (e.g., shared history and shared understanding between clinician and patient), as do the medical and social systems in which the encounters are embedded. By breaking these complex encounters apart and employing experimental methods to interrogate them, researchers can elucidate causal relationships, strengthen theoretical models, and identify potential targets for intervention. Use of experimental methods is rarely possible in real clinical settings. There is therefore a need for naturalistic simulations in which to investigate patient and clinician behavior. 20, 21 This is an area where VR platforms stand to make a considerable contribution.
Immersive Virtual Reality
There are multiple formats that VR systems can take. For the purposes of this discussion, the primary focus is on immersive VR (i.e., systems that envelop the users' senses). One common configuration of immersive VR equipment employs a head-mounted display in which users view three-dimensional computer-generated images. Users are often free to move naturally while wearing the display. Their position and orientation can be tracked and used to control their point of view and events in the virtual environment (Figure 1 ).
Currently, use of VR platforms for basic and applied obesity prevention and treatment research is extremely limited. However, the validity of VR methods for behavioral research has been demonstrated in several other domains. For example, several studies have indicated that experiences in VR can translate to and affect behavior in real environments. [22] [23] [24] [25] [26] [27] Previous work has also shown that individuals behave similarly between experiments conducted in VR environments and those conducted in real settings. 5 Indeed, interpersonal interactions with virtual humans have been shown to elicit very real social processes. [28] [29] [30] [31] This body of evidence suggests that research investigating processes related to obesity prevention and treatment in virtual scenarios is likely to apply to real-world clinical situations.
Blascovich, Loomis, and colleagues 3, 4 have identified several dimensions on which VR can be advantageous for experimental social, and behavioral research. These include the ability to situate hypothetical research scenarios in realistic settings, the tight experimental control inherent in creation of VR environments, the unprecedented ability to manipulate and control scenario elements, and the opportunity for direct behavioral measurement. Each of these advantages clearly applies to research aimed at informing obesity prevention and treatment practices.
Research Example
To illustrate how each of these methodological advantages applies to obesity research, it will be useful to consider them in the context of an example study. Persky and Eccleston 32 designed a study to assess how patient weight elicits biased attitudes and behavior among medical students. This study employed an immersive VR clinic environment to simulate a basic encounter with a virtual patient who was visibly either obese or nonobese (Figure 2) . Medical student participants were immersed in the virtual clinic by wearing a headmounted display and were able to move naturally through the clinic environment (e.g., by walking). Participants' communication and nonverbal behaviors were tracked and recorded by the VR system.
Results of this study revealed that medical students exhibited more bias-related attitudes toward the obese than the nonobese version of the virtual patient. These included more negative stereotyping, perceptions that the patient would be less adherent, and increased attributions of responsibility for causing her symptoms (knee pain, shortness of breath). Participants also made less visual contact with the obese than the nonobese patient during the medical encounter. In contrast, the study found no clear evidence of bias in clinical recommendations and decisions about the patient's care. These findings contribute to our understanding of the nature and source of weight bias in clinical interactions and can inform attempts to reduce this bias.
Potential Advantages of Applying Immersive Virtual Reality Methods
In this example study, medical student participants were randomly assigned to interact with a virtual patient who was portrayed as being either obese or nonobese. By using VR, it was possible for participants to interact with patients who differed solely on the characteristic under study (i.e., weight). All other patient characteristics, communications, and behaviors were held constant. By doing so, the example study demonstrated that the patient's body size alone was sufficient to elicit biased reactions from medical students in isolation from other factors often confounded with body size (e.g., comorbid health conditions, communication styles 33, 34 ). This is a clear example of the first advantage of using a VR platform for experimental research. That is, VR allows presentation and control of any object or characteristic, even those that are difficult or impossible to change or control in real life. 3, 4 In future obesity prevention and treatment research, a near endless array of clinical or interpersonal factors could be manipulated in a VR research environment. It is particularly powerful that VR enables complete control over virtual humans. For example, in addition to visible weight, it may be profitable to study the impact of a virtual patient's or clinician's gender, race, attractiveness, and so on. 28, [35] [36] [37] [38] [39] Work of this nature could illuminate social factors (such as racial or gender match between patient and provider) that influence weight-related medical encounters. In future research, it may also be useful to control nonverbal behavior of virtual humans. In the example study, nonverbal behavior was held constant between the obese and nonobese patient. However, nonverbal behaviors could instead be manipulated to study their effects. 40 In doing so, we could learn more about subtle behaviors that influence the outcomes of weight-related communication between patients and providers. Beyond personal behaviors and characteristics, VR allows the creation of any desired scenario, whether or not that scenario could or would occur in reality. This capability might be especially promising for assessing the impact of potential future health care innovations on weight-related medical encounters. For example, simulating a weight-focused medical encounter that integrates genomic information can help us gauge the impact of these technologies before they become widely available. 41 Also advantageous is that, within VR, hypothetical research scenarios can be situated in realistic, tangible environments. In the example study, participants interacted with an embodied virtual patient within an immersive, visually realistic clinical environment. Unlike traditional methodologies (e.g., written vignettes), study participants can interact with and react to actual experimental stimuli in environments that contain realistic cues. For this reason, VR research environments are posited to heighten the external validity of research findings. 4 A related advantage of using VR is that, by the very nature of the technology, every element in a research scenario is tightly controlled. Therefore, researchers are able to create situations that isolate variables of interest and eliminate extraneous variables and confounds. Moreover, due to this tight control, every study participant can have the exact same experience. This allows near perfect replication between participants, studies, laboratories, or time points. This level of experimental control was evident in the example study in that the virtual patient behaved identically in every interaction with every study participant.
The ability of VR research platforms to provide both high levels of control and high levels of realism is one of its greatest assets. 3, 4 In traditional research settings, the more realistic an experimental situation is, the less control researchers typically have over the environment. 42 For example, the more an environment approaches a real clinic, the less control researchers tend to have over features like event timing, interruptions, and background noise. Virtual reality simulations can overcome this dilemma.
Finally, VR environments can not only be designed to create and experimentally vary study elements, but also be constructed to serve as behavioral measures. Behavioral measures play a crucial role in obesity prevention and management research but are often difficult to design, administer, and quantify. In VR environments, it becomes a relatively simple matter to unobtrusively record and analyze nonverbal behaviors like visual gaze and interpersonal distance that occur in clinical or other interpersonal scenarios. 30 In the example study, the VR system automatically collected data that allowed for objective assessment of participants' visual contact with the virtual patient (a proxy for eye contact). The study demonstrated that medical students' level of visual contact with the patient differed depending on the patient's weight. This finding is important because nonverbal behaviors like eye contact relate to patient satisfaction in medical visits. 43 Furthermore, previous work has determined that gaze behavior in some VR situations can be indicative of psychological constructs like interpersonal attention and bias. 38, 40 In addition to embedding nonverbal behavioral assessment in interpersonal VR scenarios, researchers can also develop virtual environments whose primary purpose is to measure a particular behavior of interest. This approach can facilitate assessment of real, quantifiable behaviors in a realistic-looking environment while participants are actually situated in a controlled laboratory. Like other VR environments, those designed for use as behavioral measures can be created to reflect any desired scenario, most notably those related to dietary intake or physical activity. At the same time, because they are virtual, researchers have control over all elements of the measurement scenario and can assess behavior in precise and fine-grained ways. For example, in our group, we are currently testing the effects of a dietary intervention using a virtual environment wherein users select food from a buffet table. Researchers can thereby directly measure several aspects of participant behavior, including not only the types and amounts of foods they select, but also patterns, order, and timing of these choices. Assessment of participant behaviors in a laboratory environment can require fewer resources than behavioral assessment in analogous "real" environments. In addition, virtual scenarios, unlike real environments, are stable over time and therefore may allow for better reliability in longitudinal assessments and for more exact replication between participants and studies. Although there is currently no published work employing virtual simulations to measure obesity-related lifestyle behaviors, such measures have been successfully developed to assess other related health behaviors.
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Potential Challenges of Applying Immersive Virtual Reality Methods
Although this article has reviewed several potentially advantageous features of VR platforms for enhancing basic and applied obesity prevention and management research, it is important to note that these features are not necessarily beneficial for all investigations. There is frequent temptation to use novel tools for their own sake. It is important to recognize that many, if not most, research questions can be adequately addressed using traditional methods. There are several challenges and tradeoffs in employing the VR methods that have been previously described. 1, 2, 46 These include current technological limitations of computer graphics, software, and VR hardware. For example, the extent to which participants can engage in spontaneous, natural communication with virtual humans has been limited by the need for developments in artificial intelligence, voice recognition software, and databases that catalog appropriate verbal responses for research scenarios. There are, however, several strategies that can be used to constrain or simulate communication such that interactions can feel psychologically real to the user and elicit natural social behavior. 21 There has also been much discussion about the potential for some VR environments to cause motion sickness in some individuals (i.e., cybersickness). 47 While this possibility is important to consider in the design of virtual environments, several studies have suggested that symptoms rates in VR environments used in social or medical research can be quite low. 48, 49 Cost of acquiring the necessary equipment is another obvious concern. Virtual reality equipment can already be purchased at varying degrees of quality at varying price points, though top-quality equipment can be quite expensive. As the cost of computer hardware continues to decrease, it is expected that costs of VR hardware will also diminish. Costs of developing VR scenarios or "worlds" are another important consideration. Developing some types of virtual worlds can be costly, particularly those that do not build on existing programs or infrastructure. Cost assessments, however, should consider that once an experimental scenario is created, it can be used for many iterations, replicated in any facility with the required equipment, and altered for use in future work. In all, it is important to consider the potential challenges and drawbacks as well as potential advantages when considering integration of VR methods in obesity prevention and management research programs.
Conclusion
The studies and ideas described here barely scratch the surface of what is possible in the application of VR to basic and applied obesity prevention and treatment research. Virtual-reality-enabled research is ready to be applied to establish important causal relationships and strengthen theoretical models that explain obesity-related communication and behavior. In so doing, we can contribute to evidence-based intervention and practice innovation to enhance obesity prevention and weight management.
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